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(57) ABSTRACT 

A laser light source emits a ?rst light beam irradiating a 
solution including target particles and being ?owed in a How 
cell to generate forward scattered light and orthogonal scat 
tered light therefrom. A light emitting diode emits a second 
light beam irradiating the solution in the How cell to generate 
at least one Wavelength of ?uorescence therefrom. A ?rst 
detector is adapted to detect the forWard scattered light. A 
second detector is adapted to detect the orthogonal scattered 
light. At least one third detector is adapted to detect the at least 
one ?uorescence. A ?rst ?lter is disposed betWeen the How 
cell and the third detector and adapted to eliminate scattered 
light generated from the target particles by the irradiation of 
the ?rst light beam. 

13 Claims, 12 Drawing Sheets 
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FLOW CYTOMETER 

BACKGROUND OF THE INVENTION 

The invention relates to a ?ow cytometer which radiates a 
laserbeam toward a ?ow of aqueous solution containing cells, 
chromosomes, and biopolymers included therein, thereby 
detecting ?uorescence and scattered light radiated from the 
cells or the like, to thus classify and count the number of the 
same. 

Flow cytometers have been in wide use: (1) for measuring 
relative amounts, between cells, of DNA, RNA, enzyme, 
protein, and the like; (2) for examining functions, such as cell 
activity, antibody productivity, and enZyme activity; and (3) 
for automatically classifying types of cells, chromosomes, 
lymphocytes, or the like. 
A conventional example of a ?ow cytometer of this type 

has the following con?guration. A sample solution is pre 
pared by, for instance, diluting and staining a blood sample. 
The sample solution is supplied in a form of a narrow ?ow to 
a center section of a ?ow cell. The narrow ?ow is irradiated 
with narrowly-converged light emitted from a light source, 
thereby forming a detection section. Every time a blood cell 
passes through the detection section, changes in scattered 
light and ?uorescence are detected by a photodetector. A 
two-dimensional scattergram, wherein a scattered light inten 
sity and a ?uorescence intensity form two axes, is produced 
on the basis of the thus-detected signals. Demarcation lines 
are set on the two-dimensional scattergram, whereupon clas 
si?cation and counting of the particles are performed. 

FIG. 3 shows such a ?ow cytometer comprising a laser 
light source 10b which is used for exciting both of scattered 
light and ?uorescence. A laser beam emitted from the laser 
light source 10b is radiated at a target particle to be measured 
(hereinafter referred to as a target particle) 15 in a ?ow cell 14 
by way of a beam shaping lens 12. As described above, the 
laser beam radiated at the target particle 15 excites forward 
scattered light, orthogonal scattered light, and ?uorescence, 
respectively. Meanwhile, the ?ow cytometer is con?gured 
sum that a direct beam of the laser beam radiated toward the 
?ow cell 14 is blocked by a shade 16 disposed in front of the 
?ow cell 14. 
As described above, forward scattered light resulting from 

excitation of the target particle 15 is condensed by a con 
denser lens 18a, input to a forward scattered light detector 
20a, and converted into an electric signal. Meanwhile, the 
orthogonal scattered light and ?uorescence having been 
excited on the target particle 15 are condensed by a condenser 
lens 19a, and brought incident to serially-arranged beam 
splitters 22a, 22b, 22c, and 22d in sequence. 
The orthogonal scattered light is re?ected by the beam 

splitter 22a. The thus-re?ected optical beam is condensed by 
a lens 18b, input to an orthogonal scattered light detector 20b, 
and converted into an electric signal. The optical beam trans 
mitted through the beam splitter 22a is subjected to elimina 
tion of scattered light wavelength originating from the light 
source for scattered light excitation or the same originating 
from the light source for exciting ?uorescence by a wave 
length ?lter 33, and thereafter caused to enter the serially 
arranged beam splitters 22b, 22c, and 22d in sequence. A ?rst 
?uorescence having been set in advance is re?ected by the 
beam splitter 22b. The re?ected light beam is condensed by a 
condenser lens 19b by way of a wavelength ?lter 24a, input to 
a ?uorescence detector 26a, and converted into an electrical 
signal. Similarly, a second ?uorescence having been set in 
advance is re?ected by the beam splitter 220. The re?ected 
light beam is condensed by a condenser lens 190 by way of a 
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2 
wavelength ?lter 24b, input to a ?uorescence detector 26b, 
and converted into an electrical signal. In addition, a third 
?uorescence having been set in advance is re?ected by the 
beam splitter 22d. The re?ected light beam is condensed by a 
condenser lens 19d by way of a wavelength ?lter 240, input to 
a ?uorescence detector 260, and converted into an electrical 
signal. Meanwhile, a transmitted light beam is constituted of 
a fourth ?uorescence having been transmitted through the 
beam splitter 22d. The transmitted light beam is condensed by 
a condenser lens 19e by way of a wavelength ?lter 24d, input 
to a ?uorescence detector 26d, and converted into an electri 
cal signal. 

According to the ?ow cytometer of the above con?gura 
tion, target particles are classi?ed into the respective types of 
?uorescence as described above, and subjected to measure 
ment; whereby the speci?c properties of the variety of target 
particles can be analyZed. 

In such a ?ow cytometer, however, an argon laser is used as 
a light source for exciting ?uorescence of a target particle. 
The argon laser is used because light of relatively shorter 
wavelength and in a blue-light region must be used as an 
excitation light for causing the target particle to emit ?uores 
cence. However, an argon laser is expensive. In addition, not 
only is the footprint of the laser apparatus per se large, but also 
accompanying peripheral devices, such as a required power 
source for driving the laser, and the like, are also large. Fur 
thermore, overall power consumption by the argon laser is 
also large. 

In addition, when target particles differ, types of ?uores 
cence to be analyZed differ. Accordingly, setting of sensitivi 
ties and threshold values of the respective detectors must be 
optimiZed by, for instance, changing settings of the wave 
length ?lters. The operations to perform such changing are 
considerably complicated. Therefore, for conducting analysis 
of a variety of target particles, the following method would be 
easy and convenient. That is, target particles are speci?ed in 
advance; and, on the basis thereof, a plurality of ?ow cytom 
eters, in which sensitivities and threshold values for the 
respective wavelength ?lters are optimiZed, are installed. 
However, of a ?ow cytometer, a light source and peripheral 
equipment thereof are expensive. Accordingly, installation of 
a ?ow cytometer for each type of the target particles involves 
enormous installation cost and an enormous footprint, which 
is economically disadvantageous. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a ?ow 
cytometer which is capable of analyZing especially ?uores 
cence of a target particle more appropriately and e?iciently. 

In order to achieve the above object, according to the inven 
tion, there is provided a ?ow cytometer, comprising: 

a laser light source, which emits a ?rst light beam irradiat 
ing a solution including target particles and being ?owed in a 
?ow cell to generate forward scattered light and orthogonal 
scattered light therefrom; 

a light emitting diode, which emits a second light beam 
irradiating the solution in the ?ow cell to generate at least one 
wavelength of ?uorescence therefrom; 

a ?rst detector, adapted to detect the forward scattered 
light; 

a second detector, adapted to detect the orthogonal scat 
tered light; 

at least one third detector, adapted to detect the at least one 
wavelength of ?uorescence; 
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a ?rst ?lter, disposed between the ?oW cell and the third 
detector and adapted to eliminate scattered light generated 
from the target particles by the irradiation of the ?rst light 
beam. 

With the above con?guration, since an inexpensive con 
ventional laser light source may be used for exciting the 
forWard scattered light and the orthogonal scattered light, an 
inexpensive ?oW cytometer can be obtained. In addition, 
since the light source for exciting the ?uorescence is indi 
vidually provided, the analysis for the ?uorescence of the 
target particles can be reliably and e?iciently performed. 

Preferably, the ?oW cytometer further comprises: a con 
denser lens; and a ?rst beam splitter. The laser light source 
and the light emitting diode are so arranged that the orthogo 
nal scattered light and the ?uorescence are incident on the 
condenser lens The orthogonal scattered light and the ?uo 
rescence passed through the condenser lens are divided by the 
?rst beam splitter and respectively directed to the second 
detector and the third detector. 

With this con?guration, the orthogonal scattered light and 
the ?uorescence can be simultaneously detected With an e?i 
cient optical arrangement. 

Here, it is preferable that: a plurality of third detectors, each 
of Which includes a ?lter adapted to pass light having a 
Wavelength corresponding to one of plural Wavelengths of 
?uorescences, are provided; and the ?oW cytometer further 
comprises a second beam splitter adapted to divide the ?uo 
rescences passed through the ?rst ?lter and directs each of the 
divided ?uorescences to one of the third detectors. 

With the above con?guration, the scattered light generated 
by the irradiation of the ?rst light beam can be collectively 
eliminated upon detecting the respective ?uorescences. 

Preferably, the ?oW cytometer further comprises: a second 
?lter, disposed betWeen the ?oW cell and the ?rst detector and 
adapted to eliminate scattered light generated from the target 
particles by the irradiation of the second light beam; and a 
third ?lter, disposed betWeen the ?oW cell and the second 
detector and adapted to eliminate scattered light generated 
from the target particles by the irradiation of the second light 
beam. 

With this con?guration, the forWard scattered light and the 
second scattered light can be reliably detected. 

According to the invention, there is also provided a ?oW 
cytometer, comprising: 

a light source, Which emits a light beam irradiating a solu 
tion including target particles and being ?oWed in a ?oW cell 
to generate forWard scattered light, orthogonal scattered light 
and at least one Wavelength of ?uorescence; 

a ?rst detector, adapted to detect the forWard scattered 
light; 

a second detector, adapted to detect the orthogonal scat 
tered light; 

at least one third detector, adapted to detect the at least one 
Wavelength of ?uorescence; and 

a ?rst composite lens, having a plurality of focal points, 
Wherein: 

the laser light source is so arranged that the orthogonal 
scattered light and the ?uorescence are incident on the ?rst 
composite lens; and 

the second detector and the third detector are arranged at 
the respective focal points of the ?rst composite lens. 

With this con?guration, the sensitivity and the S/N ratio of 
the ?uorescence detection can be enhanced. 

Preferably, the light source includes a laser light source 
Which emits a ?rst light beam for generating the forWard 
scattered light and the orthogonal scattered light, and a light 
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4 
emitting diode Which emits a second light beam for generat 
ing the at least one Wavelength of ?uorescence. 

Preferably, a plurality of lens elements, each of Which has 
one of the focal points, are concentrically combined to form 
the ?rst composite lens having a circular shape. 

Alternatively, a plurality of semicircular lens elements, 
each of Which has one of the focal points, are combined to 
form the ?rst composite lens having a circular shape. 

Preferably, a plurality of third detectors, each of Which 
includes a ?lter adapted to pass light having a Wavelength 
corresponding to one of plural Wavelengths of ?uorescences, 
are provided. The ?oW cytometer further comprises a second 
composite lens having a plurality of focal points and arranged 
at an opposite side of the ?oW cell to the ?rst composite lens. 
The third detectors are arranged at the respective focal points 
of the second composite lens. 

Here, it is preferable that at least one of the ?rst composite 
lens and the second composite lens is formed With a pinhole 
at a center portion thereof. 

It is also preferable that the ?oW cytometer further com 
prises an optical system including a pair of collimators, a 
condenser lens and a member formed With a pinhole Which 
are arranged betWeen the collimators. The optical system is 
arranged betWeen the ?oW cell and at least one of the ?rst 
composite lens and the second composite lens. 

With the above con?gurations, stray light can be ef?ciently 
eliminated, thereby further enhancing the sensitivity and the 
S/N ratio of the ?uorescence detection. 

Preferably, the ?oW cytometer further comprises a fourth 
detector, adapted to measure light absorbance of the target 
particles. 

With this con?guration, in addition to the above function, 
the amount of light absorbing substance in the cell (particle) 
can be measured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention 
Will become more apparent by describing in detail preferred 
exemplary embodiments thereof With reference to the accom 
panying draWings, Wherein: 

FIG. 1 is a schematic plan vieW of a ?oW cytometer accord 
ing to a ?rst embodiment of the invention; 

FIG. 2 is a schematic plan vieW of a ?oW cytometer accord 
ing to a second embodiment of the invention; 

FIG. 3 is a schematic plan vieW of a related-art ?oW cytom 
eter; 

FIG. 4 is a schematic plan vieW of a ?oW cytometer accord 
ing to a third embodiment of the invention; 

FIG. 5 is a schematic plan vieW of a ?oW cytometer accord 
ing to a fourth embodiment of the invention; 

FIG. 6 is a schematic plan vieW of a ?oW cytometer accord 
ing to a ?fth embodiment of the invention; 

FIG. 7A is a schematic side vieW of the ?oW cytometer of 
FIG. 6; 

FIG. 7B is a schematic side vieW shoWing a case Where an 
orthogonal scattered light detector and a ?uorescence detec 
tor are mounted on a single board; 

FIG. 8 is a schematic plan vieW of a ?oW cytometer accord 
ing to a sixth embodiment of the invention; 

FIG. 9 is a schematic plan vieW of a ?oW cytometer accord 
ing to a seventh embodiment of the invention; 

FIG. 10A to 10C shoW hoW to fabricate a composite lens 40 
incorporated in the ?oW cytometers of the third to seventh 
embodiments; 
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FIG. 11A to 11C show how to fabricate a composite lens 42 
incorporated in the ?ow cytometers of the third, fourth sixth 
and seventh embodiments; 

FIG. 12A to 12C show how to fabricate a composite lens 44 
incorporated in the ?ow cytometers of the third and fourth 
embodiments; 

FIG. 13A to 13C show how to fabricate a composite lens 
44' incorporated in the ?ow cytometers of the ?fth embodi 
ment 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of a ?ow cytometer according to the present 
invention will be described in detail below with reference to 
the accompanying drawings. Meanwhile, for the sake of 
simple explanation, elements identical with those in the ?ow 
cytometer shown in FIG. 3 are denoted by the same reference 
numerals. 

FIG. 1 shows a ?ow cytometer according to a ?rst embodi 
ment of the invention. A laser light source 1011 serves as a light 
source for scattered light excitation and irradiates the target 
particle 15 in the ?ow cell 14 with a laser beam by way of the 
beam shaping lens 12. Thus, the laser beam radiated at the 
target particle 15 excites forward scattered light and orthogo 
nal scattered light respectively. Meanwhile, the ?ow cytom 
eter is con?gured such that a laser beam directly incident on 
the ?ow cell 14 is blocked by a shade 16 disposed in front of 
the ?ow cell 14. 

In this embodiment, as a light source for exciting ?uores 
cence with respect to the target particle, a light-emitting diode 
(LED) 30 which can emit light in the blue-light region of 
relatively shorter wavelength is disposed. A light beam emit 
ted from the LED 30 irradiates the target particle 15 in the 
?ow cell 14, thereby exciting ?uorescence. 

Forward scattered light thus having been excited by the 
target particle 15 is condensed by the condenser lens 18a, 
input to the forward scattered light detector 2011 after passing 
through a ?lter 34 for eliminating scattered light wavelength 
originating from the light source for exciting ?uorescence 
constituted of the LED 30, and converted into an electric 
signal, In addition, the orthogonal scattered light and ?uores 
cence having been excited by the target particle 15 are con 
densed by the condenser lens 19a, and caused to enter the 
serially-arranged beam splitters 22a, 22b, 22c, and 22d in 
sequence. 

Here, ?rst, the orthogonal scattered light is re?ected by the 
beam splitter 22a. The thus-re?ected light beam is condensed 
by the condenser lens 18b after passing through the ?lter 34 
for eliminating scattered light wavelength originating from 
the light source for exciting ?uorescence, input to the 
orthogonal scattered light detector 20b, and converted into an 
electric signal. Meanwhile, of ?uorescence transmitted 
through the beam splitter 22a, a ?rst ?uorescence having been 
set in advance is re?ected by the beam splitter 22b after 
passing through a ?lter 32 for eliminating the scattered light 
wavelength originating from the light source for scattered 
light excitation and the ?lter 34 for eliminating scattered light 
wavelength originating from the light source for exciting 
?uorescence. The re?ected light beam is condensed by the 
condenser lens 19b after passing through the wavelength ?lter 
24a, input to the ?uorescence detector 26a, and converted 
into an electrical signal. 
Of ?uorescence transmitted through the beam splitter 2211, 

a second ?uorescence having been set in advance is re?ected 
by the beam splitter 220. The re?ected light beam is con 
densed by the condenser lens 190 after passing through the 
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6 
wavelength ?lter 24b, input to the ?uorescence detector 26b, 
and converted into an electrical signal. 

Similarly, of ?uorescence transmitted through the beam 
splitter 220, a third ?uorescence having been set in advance is 
re?ected by the beam splitter 22d. The re?ected light beam is 
condensed by the condenser lens 19d after passing through 
the wavelength ?lter 240, input to the ?uorescence detector 
260, and converted into an electrical signal. 

Thereafter, a transmitted light beam constituted of a fourth 
?uorescence having transmitted through the beam splitter 
22d is condensed by the condenser lens 19e after passing 
through the wavelength ?lter 24d, input to the ?uorescence 
detector 26d, and converted into an electrical signal. 

In the con?guration shown in FIG. 3, the reason for 
employing an argon laser as a light source for exciting ?uo 
rescence with respect to a target particle is that light in blue 
light region of relatively shorter wavelength must be used as 
excitation light. Accordingly, by setting a light source consti 
tuted of an LED which can emit light in blue-light region as a 
light source for exciting ?uorescence in addition to a conven 
tional laser light source, the conventional laser light source 
can be used as a light source for scattered light excitation of 
the target particle, whereby a relatively inexpensive con?gu 
ration for an apparatus can be realiZed. In addition, according 
to the con?guration, analysis on scattered light and ?uores 
cence with respect to the target particle can be attained more 
appropriately and e?iciently. 

In other words, since the light source 1011 for scattered light 
excitation and the light source 30 for exciting ?uorescence are 
provided independently with respect to the target particle 15, 
it is advantageous in being capable of selecting and detecting 
forward scattered light, orthogonal scattered light, and ?uo 
rescence excited by the respective light sources appropriately 
and reliably. In addition, the ?ow cytometer as a whole can be 
made simple and inexpensive con?guration, but can be com 
prehensively applied to analysis of various target particles. 

FIG. 2 shows a ?ow cytometer according to a second 
embodiment of the invention. In this embodiment, the ?lters 
34 which are disposed respectively between the forward scat 
tered light detector 20a and the condenser lens 1811, between 
the beam splitter 22a and the condenser lens 18b of the 
orthogonal scattered light detector 20b, and between the 
beam splitter 22a and the ?lter 32 in the ?rst embodiment are 
omitted. In other respects, the ?ow cytometer in this embodi 
ment is completely analogous in con?guration with the ?ow 
cytometer of the ?rst embodiment. 

Therefore, identical elements are denoted by the same ref 
erence numerals, and repetitive descriptions thereof are omit 
ted. The ?ow cytometer having such a con?guration can also 
perform the same functions as those of the ?ow cytometer of 
the ?rst embodiment. 

Next, a third embodiment of the invention will be 
described. A composite lens is obtained by integrating a plu 
rality of lens elements having different focal points so as to 
form a single circular lens (cf., Japanese Patent Publication 
No. ll-23447A). It is possible to easily enhance sensitivity 
and S/N ratio in ?uorescence detection by disposing such a 
composite lens on an optical path of scattered light, and 
appropriately disposing a plurality of ?uorescence detectors 
at focal positions of the respective lens elements constituting 
the composite lens. 

FIG. 4 shows one example of such a con?guration. Com 
ponents similar to those in the ?rst embodiment will be des 
ignated by the same reference numerals and repetitive expla 
nations for those will be omitted. In this embodiment, 
composite lenses 40, 42a, and 42' are respectively applied to 
the forward scattered light detector 2011, the orthogonal scat 
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tered light detector 20b, and the ?uorescence detectors 26a to 
260. More speci?cally, the condenser lens 18a for forward 
scattered light is replaced by the composite lens 40 in Which 
a plurality of lens elements having different focal points are 
integrated concentrically to form a single circular lens (see 
FIGS. 10A to 10C). The forWard scattered light detectors 20a 
are disposed at the respective focal points of the lens elements 
in the composite lens 40, and the ?lter 34 for eliminating 
scattered light Wavelength originating from the light source 
for exciting ?uorescence is disposed betWeen the composite 
lens 40 and the detectors 20a. 

In addition, the condenser lens 19a for orthogonal scattered 
light and ?uorescence, the beam splitter 22a and the orthogo 
nal condenser lens 18b are replaced by the composite lens 42 
in Which a plurality of lens elements having different focal 
points are integrated concentrically to form a single circular 
lens (see FIGS. 11Ato 11C). In addition, the condenser lenses 
19b and 190 and the beam splitters 22b and 220 are replaced 
by the composite lens 42' in Which a pinhole is formed on the 
composite lens 42. The composite lenses 42 and 42' are dis 
posed at bilaterally symmetric positions of the incident light 
beam With respect to the ?oW cell 14. 

In some cases, ?uorescence is extremely Weak as com 
pared With scattered light, so that importance is placed on 
increase of sensitivity and S/N ratio in the ?uorescence detec 
tion. More speci?cally, direct light from the light sources for 
exciting ?uorescence and scattered light excitation are 
re?ected, refracted, and scattered by a variety of optical 
devices and a ?oW cell. Such light (hereinafter referred to as 
“stray light”) is extremely high in intensity as compared With 
?uorescence to be detected. Such stray light is brought inci 
dent on a detector by Way of an optical path other than an 
intended optical path. Accordingly, as a method for eliminat 
ing the stray light and for increasing the S/N ratio and sensi 
tivity in the ?uorescence detection, elimination of the stray 
light by a pinhole is generally adopted. 

In this case, a light beam is condensed by the composite 
lens 42 after passing through the ?lter 34 for eliminating 
scattered light Wavelength originating from the light source 
for exciting ?uorescence. The orthogonal, scattered light 
detector 20b is disposed at the focal point of one lens element 
in the composite lens 42. The ?uorescence detector 260 is 
disposed at the focal point of the other lens element in the 
composite lens 42. The ?lter 32 for eliminating scattered light 
Wavelength originating from the light source for scattered 
light excitation and the Wavelength ?lter 240 is disposed 
betWeen the detector 260 and the composite lens 42. With 
respect to the composite lens 42', a light beam is condensed by 
the composite lens 42' after passing through the ?lter 34 for 
eliminating scattered light Wavelength originating from the 
light source for exciting ?uorescence and the ?lter 32 for 
eliminating the scattered light Wavelength originating from 
the light source for scattered light excitation. The ?uores 
cence detectors 26a, 26b are disposed at each of the focal 
points of the lens elements in the composite lens 42'. The 
Wavelength ?lter 24a, 24b are disposed betWeen the compos 
ite lens 42' and the detectors 26a, 26b, respectively. 

Further, in a case Where the shade 16 is omitted and a 
condenser lens is instead disposed at an appropriate position 
betWeen the ?oW cell 14 and the composite lens 40 or inte 
grated With the composite lens 40, light absorbance of the 
target particles ?oWed Within the ?oW cell 14 can be measured 
by a photo detector arranged on an optical axis of the light 
having passed through the condenser lens. 
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Here, the composite lens 42 and the composite lens 42' may 

be replaced With a composite lens 44 shoWn in FIGS. 12A to 
12C or a composite lens 44' shoWn in FIGS. 13A to 13C, 
respectively. 

FIG. 5 shoWs a fourth embodiment of the invention. Com 
ponents similar to those in the third embodiment Will be 
designated by the same reference numerals and repetitive 
explanations for those Will be omitted. In this embodiment, 
the ?lters 34 Which are disposed respectively betWeen the 
forWard scattered light detectors 20a and the composite lens 
40, betWeen the ?oW cell 14 and the composite lens 42, and 
betWeen the ?oW cell 14 and the ?lter 32 in the third embodi 
ment are omitted. The ?oW cytometer having such a con?gu 
ration can also perform the same functions as those of the ?oW 
cytometer of the third embodiment. 

FIG. 6 shoWs a ?fth embodiment of the invention. Com 
ponents similar to those in the fourth embodiment Will be 
designated by the same reference numerals and repetitive 
explanations for those Will be omitted. In this embodiment, 
the condenser lens 19a for orthogonal scattered light and 
?uorescence, the beam splitter 22a and the orthogonal con 
denser lens 18b shoWn in FIG. 1 are replaced by the compos 
ite lens 44' shoWn in FIGS. 13A to 13C. 

Here, as shoWn in FIG. 7A, the orthogonal scattered light 
detector 20b is disposed at the focal point of one lens element 
in the composite lens 44', and the ?uorescence detector 260 is 
disposed at the focal point of the other lens element in the 
composite lens 44'. The ?lter 32 for eliminating scattered 
light Wavelength originating from the light source for scat 
tered light excitation is disposed betWeen the composite lens 
44' and the detector 260. 

With the above con?guration, as shoWn in FIG. 7B, the 
light source 30 for exciting ?uorescence, the orthogonal scat 
tered light detector 20b, and the ?uorescence detector 260 can 
be disposed on a single board 46. Accordingly, decreases in 
the overall siZe and cost of the apparatus in overall siZe can be 
easily attained. In addition, the sensitivity and S/N ratio in the 
?uorescence detection can be enhanced When the target par 
ticle is analyZed With the ?uorescence detection. 

FIG. 8 shoWs a sixth embodiment of the invention. Com 
ponents similar to those in the fourth embodiment Will be 
designated by the same reference numerals and repetitive 
explanations for those Will be omitted In this embodiment, the 
argon laser 10b shoWn in FIG. 3 is used as a light source for 
exciting both of scattered light and ?uorescence. Accord 
ingly, the LED 30 for exciting ?uorescence is omitted. The 
composite lens 42' shoWn in FIG. 5 is replaced by the com 
posite lens 42 (this composite lens 42 is referred as a second 
composite lens While referring the composite lens 42 shoWn 
in FIG. 5 as a ?rst composite lens 42), so that the ?rst and 
second composite lenses 42 are disposed symmetrically With 
respect to the ?oW cell 14. 

In this case, the orthogonal scattered light detector 20b is 
disposed at the focal point of one lens element in the ?rst 
composite lens 42, and the ?uorescence detector 260 is dis 
posed at the focal point of the other lens element in the ?rst 
composite lens 42. The ?lter 32 for eliminating scattered light 
Wavelength originating from the light source for scattered 
light excitation and the Wavelength ?lter 240 are disposed 
betWeen the ?rst composite lens 42 and the detector 260. The 
light beam is condensed by the second composite lens 42 after 
passing through the ?lter 32 for eliminating scattered light 
Wavelength originating from the light source for scattering 
light excitation. The ?uorescence detectors 26a, 26b are dis 
posed at the focal points of the lens elements in the second 
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composite lens 42. The Wavelength ?lter 24a, 24b are dis 
posed between the second composite lens 42 and the detec 
tors 26a, 26b, respectively. 

Here, the composite lens 42 may be replaced With a com 
posite lens 44 shoWn in FIGS. 12A to 12C or a composite lens 
44' shoWn in FIGS. 13A to 13C, respectively. 

FIG. 9 shoWs a seventh embodiment of the invention. Com 
ponents similar to those in the sixth embodiment Will be 
designated by the same reference numerals and repetitive 
explanations for those Will be omitted. In this embodiment, 
the ?rst composite lens 42 and the second composite lens 42 
are disposed asymmetrically With respect to the How cell 14. 
Speci?cally, the light beam is condensed by the second com 
posite lens 42 after passing through an optical system com 
prising a collimator 5011, a condenser lens 52, a pinhole plate 
54, a collimator 50b, and the ?lter 32 for eliminating scattered 
light Wavelength originating from the light source for scatter 
ing light excitation. The Wavelength ?lters 24a and 24b are 
disposed betWeen the collimator 50b and the second compos 
ite lens 42. 

The best condition for the Wavelength ?lter disposed for 
obtaining ?uorescence of a required selected Wavelength is 
such that a light beam is perpendicularly incident on the ?lter. 
In other Words, it is preferable that the Wavelength ?lter is not 
so disposed that the light beam is incident thereon obliquely. 
With the above con?guration, the Wavelength ?lter can be 
used in its best condition by causing light, having been con 
verted into parallel light With use of a collimator, to be 
brought incident to the Wavelength ?lter perpendicularly. 

Here, the composite lens 42 may be replaced With a com 
posite lens 44 shoWn in FIGS. 12A to 12C or a composite lens 
44' shoWn in FIGS. 13A to 13C, respectively. 

Next, hoW to fabricate the composite lenses 40, 42, 42', 44, 
and 44' used in the How cytometers of the third to seventh 
embodiments Will be described. 

FIGS. 10A to 10C shoW hoW to fabricate the composite 
lens 40. A mold MA', serving as a ?rst lens element, is formed 
by cutting or gouging a circular shape out of a mold MA for 
forming a Fresnel lens FA (see FIG. 10A). In addition, a mold 
MB', serving as a second element having a hole of a siZe into 
Which the mold MA' can be inserted, is formed by cutting or 
gouging out from a mold MB for forming a Fresnel lens FB 
(see FIG. 10B). A single circular composite lens 40 having 
tWo focal points corresponding to the respective lens ele 
ments can be obtained by inserting the mold MA' into the hole 
of the mold MB' (see FIG. 10C). Here, the molds MA and MB 
may be identical; alternatively, the molds MA and MB may be 
molds for forming Fresnel lenses having different focal points 
or different principal axes. 

FIGS. 11A to 11C shoW hoW to fabricate the composite 
lens 42. Speci?cally, a mold MA', serving as a ?rst lens 
element, is formed by gouging or cutting a circular shape and 
is thereafter formed into a left-semicircular shape out of a 
mold MA for forming a Fresnel lens FA (see FIG. 11A). In 
contrast, a mold MB', serving as a second lens element, is 
formed by gouging or cutting a circular shape and is thereafter 
formed into a right-semicircular shape out of a mold MB for 
forming a Fresnel lens FB (see FIG. 11B). A single circular 
composite lens 42 having different focal points correspond 
ing to the respective lens elements can be formed by coupling 
the mold MA' and the mold MB' (see FIG. 11C). In this case, 
the molds MA and MB may be identical; alternatively, the 
molds MA and MB may be molds for forming Fresnel lenses 
having different focal points or different principal axes. 

FIGS. 12A to 12C shoW hoW to fabricate the composite 
lens 44. Speci?cally, a mold MA', serving as a ?rst lens 
element, is formed by gouging or cutting a circular shape and 
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is thereafter formed into an upper-semicircular shape out of a 
mold MA for forming a Fresnel lens FA (see FIG. 12A). In 
contrast, a mold MB', serving as a second lens element, is 
formed by gouging or cutting a circular shape and is thereafter 
formed into a loWer-semicircular shape out of a mold MB or 
forming a Fresnel lens FB (see FIG. 12B). A single circular 
composite lens 44 having different focal points correspond 
ing to the respective lens elements can be formed by coupling 
the mold MA' and the mold MB' (see FIG. 12C). In this case, 
the molds MA and MB may be identical; alternatively, the 
molds MA and MB may be molds for forming Fresnel lenses 
having different focal points or different principal axes. 

FIGS. 13A to 13C shoW hoW to fabricate the composite 
lens 44'. It is basically identical With the method for fabricat 
ing the composite lens 44 except that a pinhole P is formed at 
a center portion of a composite lens 44 after coupling the 
mold MA' shoWn in FIG. 12A and the mold MB' shoWn in 
FIG. 12B. 

Accordingly, although not illustrated in the draWings, a 
composite lens 42' can be obtained by forming a pinhole P at 
a center portion of the composite lens 42 shoWn in FIG. 11C 
after coupling the mold MA' shoWn in FIG. 11A and the mold 
MB' shoWn in FIG. 11B. 
The preferred embodiments of the invention have hitherto 

respectively been described. HoWever, it should be under 
stood that the invention is not limited thereto, but may vari 
ously be modi?ed and changed Within the scope of the inven 
tion. 

What is claimed is: 
1. A How cytometer, comprising: 
a laser light source, con?gured to emit a ?rst light beam 

having a ?rst spectrum Width and irradiating a solution 
including target particles and being ?oWed in a How cell 
to generate forWard scattered light and orthogonal scat 
tered light therefrom; 

a light emitting diode, con?gured to emit a second light 
beam having a second spectrum Width broader than the 
?rst spectrum Width and irradiating the solution in the 
How cell to generate at least one Wavelength of ?uores 
cence therefrom; 

a ?rst detector, adapted to detect the forWard scattered 
light; 

a second detector, adapted to detect the orthogonal scat 
tered light; 

at least one third detector, adapted to detect the at least one 
Wavelength of ?uorescence; 

a ?rst ?lter, disposed betWeen the How cell and the third 
detector and adapted to eliminate scattered light gener 
ated from the target particles by the irradiation of the ?rst 
light beam; 

a second ?lter, disposed betWeen the How cell and the ?rst 
detector and adapted to eliminate scattered light gener 
ated from the target particles by the irradiation of the 
second light beam; and 

a third ?lter, disposed betWeen the How cell and the second 
detector and adapted to eliminate scattered light gener 
ated from the target particles by the irradiation of the 
second light beam. 

2. The How cytometer as set forth in claim 1, further com 
prising: 

a condenser lens; and 
a ?rst beam splitter, Wherein: 
the laser light source and the light emitting diode are so 

arranged that the orthogonal scattered light and the ?uo 
rescence are incident on the condenser lens; and 
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the orthogonal scattered light and the ?uorescence passed 
through the condenser lens are divided by the ?rst beam 
splitter and respectively directed to the second detector 
and the third detector. 

3. The ?oW cytometer as set forth in claim 2, Wherein: 
a plurality of third detectors, each of Which includes a ?lter 

adapted to pass light having a Wavelength corresponding 
to one of plural Wavelengths of ?uorescences, are pro 
vided; and 

the ?oW cytometer further comprises a second beam split 
ter adapted to divide the ?uorescences passed through 
the ?rst ?lter and directs each of the divided ?uores 
cences to one of the third detectors. 

4. A ?oW cytometer, comprising: 
a light source, con?gured to emit a light beam irradiating a 

solution including target particles and being ?oWed in a 
?oW cell to generate forward scattered light, orthogonal 
scattered light and at least one Wavelength of ?uores 
cence; 

a ?rst detector, adapted to detect the forward scattered 
light; 

a second detector, adapted to detect the orthogonal scat 
tered light; 

at least one third detector, adapted to detect the at least one 
Wavelength of ?uorescence; 

a ?rst composite lens, having a plurality of focal points and 
arranged such that the orthogonal scattered light and the 
?uorescence are incident thereon Without being subject 
to any re?ection; and 

a lens, arranged such that the forWard scattered light is 
incident thereon, Wherein: 

the second detector and the third detector are arranged at 
the respective focal points of the ?rst composite lens. 

5. The ?oW cytometer as set forth in claim 4, Wherein the 
light source includes a laser light source Which emits a ?rst 
light beam for generating the forWard scattered light and the 
orthogonal scattered light, and a light emitting diode Which 
emits a second light beam for generating the at least one 
Wavelength of ?uorescence. 
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6. The ?oW cytometer as set forth in claim 4, Wherein a 

plurality of lens elements, each of Which has one of the focal 
points, are concentrically combined to form the ?rst compos 
ite lens having a circular shape. 

7. The ?oW cytometer as set forth in claim 4, Wherein a 
plurality of semi-circular lens elements, each of Which has 
one of the focal points, are combined to form the ?rst com 
posite lens having a circular shape. 

8. The ?oW cytometer as set forth in claim 4, Wherein: 
a plurality of third detectors, each of Which includes a ?lter 

adapted to selectively pass light having a Wavelength 
corresponding to one of plural Wavelengths of ?uores 
cences, are provided; 

the ?oW cytometer further comprises a second composite 
lens having a plurality of focal points and arranged at an 
opposite side of the ?oW cell to the ?rst composite lens; 
and 

the third detectors are arranged at the respective focal 
points of the second composite lens. 

9. The ?oW cytometer as set forth in claim 4, Wherein the 
?rst composite lens is formed With a pinhole at a center 
portion thereof. 

10. The ?oW cytometer as set forth in claim 8, Wherein the 
second composite lens is formed With a pinhole at a center 
portion thereof. 

11. The ?oW cytometer as set forth in claim 8, further 
comprising an optical system including a pair of collimators, 
a condenser lens and a member formed With a pinhole Which 
are arranged betWeen the collimators, the optical system 
being arranged betWeen the ?oW cell and at least one of the 
?rst composite lens and the second composite lens. 

12. The ?oW cytometer as set forth in claim 4, further 
comprising a fourth detector, adapted to measure light absor 
bance of the target particles. 

13. The ?oW cytometer as set forth in claim 4, further 
compromising a ?lter, disposed betWeen the ?oW cell and the 
third detector, and adapted to selectively pass light having a 
Wavelength corresponding to the Wavelength of the ?uores 
cence. 


